Systemic Inflammation-Based modified Glasgow Prognostic Score (mGPS) was developed as an objective tool to grade state of inflammation. However, the association between mGPS and postoperative complications for inflammatory bowel disease (IBD) patients was still unknown. In our study, 270 IBD patients [Crohn's disease (CD), n = 186; Ulcerative colitis (UC), n = 84] from January 2013 and January 2016 who underwent elective bowel resection were retrospectively analyzed, and, the levels of preoperative C-reactive protein (CRP) and albumin were included as parameters of mGPS. The incidence of overall postoperative complications was 44.81% (121/270), including 46.77% (87/186) of CD and 40.48% (34/84) of UC. According to multivariate analysis, mGPS (CD: OR = 3.47, p = 0.003; UC: OR = 3.28, p = 0.019) was independently associated with an increased risk of postoperative complications. Patients with a higher mGPS also suffered longer postoperative stay and increased SSIs (both p < 0.05). Combining mGPS with neutrophil ratio improved its prognostic value with a better area under the curve (AUC), using receiver operating characteristic (ROC) method. Then we confirmed that mGPS was associated with postoperative complications in IBD patients undergoing elective bowel resection and the addition of neutrophil ratio enhanced its prognostic value.
corticosteroids use, old age (age >60 years), and Clostridium difficile infection are the independent risk factors of postoperative complications 14, 15 . There is increasing evidence that the presence of a preoperative systemic inflammatory response is a major factor underlying postoperative complications 11, 12 . However, a comprehensive and effective system to assess the systemic inflammatory response has not been established for IBD patients.
Modified Glasgow Prognostic Score (mGPS), based on the level of serum CRP and albumin (Table 1) , has been effectively used for predicting the outcome of gastrointestinal cancer 16 . Moreover, mGPS has been used in other diseases like systemic lupus erythematosus (SLE) and acute decompensated heart failure (ADHF) 17, 18 . It provides more prognostic information in terms of the severity and prognosis for malignant tumor compared to the neutrophil lymphocyte ratio (NLR) and platelet lymphocyte ratio (PLR), which have been widely used in IBD [19] [20] [21] . We have two goals for current study. First, we aim to confirm mGPS's efficacy in predicting short-term postoperative complications in IBD. Second, we aim to optimize the mGPS to enhance its prognostic value for IBD patients.
Methods
Patients' population. This is a single center, retrospective study. Due to the retrospective nature of the study, informed consent was waived, however, this study was performed after approval by the ethics committee of Jinling hospital, and all experiments were performed in accordance with relevant guidelines and regulations.
Information of patients was retrieved from a well maintained IBD database in our center from January 2013 and January 2016. Inclusion criteria were as follows: (1) age 18-65 years, (2) a confirmed diagnosis of IBD according to endoscopy and biopsy, (3) available data on the in-hospital clinical course, (4) patients underwent an elective surgery of IBD-related complications. Exclusion criteria: (1) severe comorbidity and/or organ (kidney, liver or heart) dysfunction, (2) preoperative infections treated with antibiotics, (3) preoperative albumin or blood infusion, (4) surgical procedures for reasons other than IBD-relevant bowel resection.
Data Collection. Baseline data (BMI, smoking history within 3 months, preoperative medical therapy, Montreal classification, operation details) were collected from the database. Operation details include previous operation history, laparoscopic vs. open surgery, operative time >180 min, estimated blood loss, stoma creation. Laboratory data (1 day before surgery) included CRP, albumin, hemoglobin, platelet, neutrophil ratio. Uncertain or incomplete data were collected by reviewing medical records from the hospital and noted accordingly in the results if not available. According to definition of mGPS (0, 1, and 2), we classified patients into three groups. Patients with both elevated CRP (>10 mg/L) and hypoalbuminemia (<35 g/L) were allocated a score of 2; patients with only CRP >10 mg/L were allocated a score of 1; and patients with neither of these abnormalities were allocated a score of 0 (Table 1) .
Outcomes. Complications were defined as those occurring <30 days after surgery or before hospital discharge, whichever time frame was longer. Based on the Clavien-Dindo system, Grade I-II complications were classified as mild complications, Grade III to IV complications were classified as major complications. An initial complication associated with end-organ failure [acute renal failure, respiratory failure, multiple organ dysfunction syndrome (MODS), unplanned intubation, septic shock, sepsis, cardiac arrest, and death], or unplanned ICU transfer then the initial complication was classified as a grade IV/V complication. Complications not associated with end-organ failure or critical care were considered grade I to III. Surgical site infections (SSIs) included superficial incisional, deep incisional, or organ/space SSIs, such as wound infection, fascia dehiscence, intra-abdominal or pelvic abscess, or anastomotic leakage.
Statistical Analysis. Statistical analysis was performed with SPSS 20.0 (SPSS, Inc, Chicago, IL). Categorical variables were compared using χ 2 or Fisher's exact test. The parametric tests will be applied when normality (and homogeneity of variance) assumptions are satisfied otherwise the equivalent non-parametric test will be used. Parametric variables were analyzed using t-tests, and non-parametric variables were compared using Mann-Whitney U test. A univariate analysis was performed with each potential factor included as an independent variable, and the presence or absence of postoperative complications as the dependent variable. Any variable with a p-value < 0.1 was considered potentially significant and was further analyzed in a stepwise multivariate logistic regression analysis using a backward selection method for determining significant independent factors. The mGPS and mGPS+ Neutrophil ratio were further tested for prognostic value in predicting postoperative complications by logistic regression analysis, and its effectiveness was assessed using area under the receiver operating characteristic curve (AUC). A 2-tailed p < 0.05 was considered as statistically significant. Table 2 .
Patients with postoperative complications tend to be older in UC (42.18 ± 15.58 vs. 34.04 ± 13.07 years, p = 0.011), but not in CD (36.13 ± 12.29 vs. 34.56 ± 10.55, p = 0.349). As expected, higher mean mGPS among the patients with complications was similarly observed when stratified by CD (0.86 ± 0.79 vs. 0.37 ± 0.58, p < 0.001) and UC (1.44 ± 0.70 vs. 0.64 ± 0.72, p < 0.001).
Otherwise, patients with or without postoperative complications were similar with regard to sex ratio (CD, p = 0.076; UC, p = 0.060), BMI (CD, p = 0.398; UC, p = 0.681), disease duration before admission (CD, p = 0.345; UC, p = 0.998), smoke habits within 3 months (CD, p = 0.321; UC, p = 0.163).
Uni-and Multi-variate Analyses of Factors for Postoperative Complications.
In CD, factors found to be significantly associated with postoperative complications in univariate analysis included CRP level >10 mg/l (within 1 day before surgery), albumin level <35 g/L (1 day before surgery), neutrophil ratio >75% (1 day before surgery), hemoglobin <12 g/dL (1 day before surgery), preoperative steroid use for ≥3 months, total colectomy, and first time operation. In UC, the risk factors were age, CRP level >10 mg/l (1 day before surgery), albumin level <35 g/l (1 day before surgery), neutrophil ratio >75% (1 day before surgery), platelet >400 × 10 9 /L (1 day before surgery), preoperative steroid use for ≥3 months, albumin level <35 g/l (1 day before surgery). Factors with p < 0.100 were included in multivariate analysis model to determine the risk factors independently associated with the development of postoperative complications.
In multivariate analysis, only mGPS (0/1/2), neutrophil ratio >75% (1 day before surgery), preoperative steroids for ≥3 months was found to be an independent risk factor for postoperative complications both in CD and UC, as shown in Table 3 .
Postoperative complications associated with mGPS. CD patients (n = 186) were allocated as shown in Table 4 : 101 (54.30%) to mGPS 0, 53 (28.49%) to mGPS 1, and 32 (17.20%) to mGPS 2. The incidences of overall postoperative complications were 33.66%, 58.49%, and 68.75% for the GPS 0, 1, and 2 groups (p < 0.001), respectively. Incidences of mild postoperative complications (p = 0.006), major complications (p = 0.001) and surgical site infection (p = 0.006) were all significantly different among three groups. The length of postoperative hospital stay elongated as the mGPS increased (17.19 ± 4.15 vs. 18.59 ± 4.25 vs. 20.26 ± 3.49, p = 0.001).
UC patients (n = 186) were allocated as follows: 29 (34.52%) to mGPS 0, 44 (52.38%) to mGPS 1, and 11 (13.10%) to mGPS 2. Incidences of overall postoperative complications were 33.66%, 58.49%, and 68.75% for the mGPS 0, 1, and 2 groups (p < 0.001), respectively. Significant different incidences of major complications (p = 0.007), surgical site infection (p = 0.003) were observed, but not of mild postoperative complications (p = 0.149). A prolonged hospital stay was also observed as mGPS increased (21.81 ± 3.66 vs. 24.98 ± 3.41 vs. 26.83 ± 4.78, p = 0.001).
The predictive value of mGPS and its optimization. The odds ratio (OR) and AUC of mGPS in IBD patients for prediction of overall postoperative complications were shown in Table 5 and Fig. 2 . Higher mGPS was associated with increased occurrence of postoperative complications. In CD patients, the ORs were 2.72 (95% CI, 1.35-4.89, p < 0.001) and 3.94 (95% CI, 2.08-6.91, p < 0.001) respectively for mGPS 1 and 2. The AUC was 0.769 (p < 0.001). In UC patients, the ORs were 1.48 (95% CI, 1.16-3.34, p < 0.001) and 3.64 (95% CI, 1.85-5.77, p < 0.001) respectively for mGPS 1 and 2, and AUC was 0.724 (p < 0.001). Neutrophil ratio >75% was found to be independently associated with the occurrence of postoperative complications in CD (OR: 1.922; 95% CI: 1.058-2.491; p = 0.027) and UC (OR: 2.265; 95% CI: 1.788-2.794; p = 0.031), then the biomarkers mGPS and neutrophil ratio >75% were assessed as a combined bioscore using a logistic regression model to evaluate the prognostic capacity in predicting the occurrence of postoperative complications. In CD patients, the ORs were 2.30 (95% CI: 1.11-3.86), 4.25 (95% CI: 1.96-7.54) and 11.86 (95% CI: 6.48-17.49) for a bioscore 1, 2 and 3 respectively (p < 0.001). In UC patients, the ORs were 1.51 (95% CI: 1.09-2.73), 3.99 (95% CI: 1.53-5.47) and 9.47 (95% CI: 5.24-15.33) for a bioscore 1, 2 and 3 respectively (p < 0.001). Combination of mGPS and neutrophil ratio >75% was found to improve its prognostic value with a better AUC (all p < 0.001).
Discussion
This study validated and optimized the temporal association between preoperative mGPS and postoperative complications in IBD patients. In the current study, mGPS could act as a tool to offer early identification of critical postoperative complications. Patients with higher mGPS within 1 day before surgery were also at higher risk of prolonged postoperative hospital stay and more SSIs. Combination of mGPS and neutrophil ratio >75% enhanced the prognostic value in the form of a better AUC.
The underlying mechanisms of relationship between an elevated preoperative mGPS and postoperative complications in IBD patients might be explained in several ways. First, the increased CRP levels observed in IBD patients may be due to the increased production of pro-inflammatory cytokines. Indeed, pro-inflammatory factor and immune-regulatory factors like TNF-α and IL-6, which promoting inflammation and playing a role in signal transduction, increased significantly in IBD patients 22 . On the other hand, hypoalbuminemia was associated with impairment of the innate immune response; hypoalbuminemia has been proved to cause impairment of macrophage activation and induce macrophage apoptosis 23, 24 , suggesting that the body's immune defenses were some extent disabled. Also, hypoalbuminaemia reflected loss of lean tissue, which further compromised immune function 25, 26 . Therefore, the presence of a systemic inflammatory response, as indicated by elevated CRP level and hypoalbuminemia, should be routinely evaluated prior to surgery.
Our conclusion is well-supported by evidence from previous findings besides our own. As a marker of systemic inflammation before surgery, mGPS was associated with postoperative infection in patients undergoing resection of gastrointestinal cancer with a risk ratio (RR) of 1.89 27 , and was also related to blood transfusion requirements and post-operative complications in hepatic resection for hepatocellular carcinoma 28 . Preoperative CRP >10 mg/l or changes of CRP (ΔCRP) were also risk factors for postoperative IASCs of CD 11 . Albumin, another component of mGPS, combined with BMI and hemoglobin, were important indexes of evaluating the nutritional status of IBD patients [8] [9] [10] . Preoperative low albumin significantly increased the risk of septic complications after surgery in CD. In the present study, the rate of overall postoperative complications increased significantly along with the increase of mGPS both for CD and UC patients. Table 3 . Multivariate Analyses of Factors associated with Postoperative Complications. CD = crohn's disease; UC = ulcerative colitis; OR = odds ratio; mGPS = modified Glasgow Prognostic Score.
CD (n = 186) UC (n = 84) Previous studies have shown that mGPS could provide short-term and long-term prognostic information for various tumors such as lung, breast, esophagus or stomach, pancreas, kidney and colon-rectum carcinoma [29] [30] [31] [32] [33] . In the present study, totally 121 (44.81%) patients developed postoperative complications, 87/186 (44.77%) in CD and 34/84 (40.48%) in UC. mGPS was identified as an independent risk factors associated with complications of IBD, the rate of overall postoperative complications increases significantly along with the increase of mGPS. For CD, significant different incidences of mild postoperative complications (p = 0.006), major complications (p = 0.001), surgical site infection (p = 0.006) and hospital stays (p = 0.001) were observed between mGPS groups (mGPS = 0 vs. mGPS = 1 vs. mGPS = 2). For UC, the incidences of major complications (p = 0.007), surgical site infection (p = 0.003) and hospital stays (p = 0.001) were also significant different between mGPS groups (mGPS = 0 vs. mGPS = 1 vs. mGPS = 2), except the mild postoperative complications (p = 0.149). We speculate that this is because in UC, more patients were concentrated in higher mGPS groups (mGPS ≥ 1) as Fig. 1 shows, then the value of the mGPS to mild postoperative complications likely would be some extent diluted.
Furthermore, our findings suggest that after combined mGPS with an elevated neutrophil ratio (>75%), the overall AUC of mGPS was improved for IBD patients, also, the addition to the mGPS has led to an increase in the ORs associated with overall postoperative complications. Then a refinement of the mGPS with other components of the systemic inflammatory response appeared to improve its prognostic value. This is consistent with recent publications in IBD cohorts. Chikao et al. recently reported that circulating neutrophil elastase levels in the early postoperative period might be a useful predictor of postoperative infectious complications in immune-controlled UC patients who received high doses of steroids 34 . Chikao et al. also confirmed that preoperative neutrophil activation may be one risk factor for postoperative morbidity when the patients undergo intense surgical stress 35 . This study had limitations as it was performed retrospectively and from a single center, effects of residual confounding factors could not be fully excluded and perioperative management strategies were dependent on our local experience, which may influence the outcome. Second, we did not explore the relationship between mGPS and long-term prognosis of IBD patients, such as late relapses, readmission and some postoperative long-term complications. Table 5 . Validation and optimization of the mGPS in predicting postoperative complications. CD = crohn's disease; UC = ulcerative colitis; OR = odds ratio; AUC = area under the curve; mGPS = modified Glasgow Prognostic Score. 
Conclusion
The current study confirmed mGPS predicted postoperative outcomes in patients undergoing IBD related bowel resection. The addition of neutrophil ratio and hemoglobin in CD; and neutrophil ratio and platelet counts in UC respectively improved the prognostic value and clinical usefulness of the mGPS in IBD patients.
